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ABSTRACT 
Injuries frequently occur in contact sports such as football, however injury risk in football 
is 5 to 7 times greater than other youth contact sports and 14% of all football injuries are serious.  
With over 3 million youth football players, there is a critical need to understand rates and 
common mechanisms of injury at this level.  Therefore, the objective of this thesis was to 
complete a literature review of existing sports injury surveillance systems and conduct 
surveillance of injuries occurring in a local Winston Salem, NC youth football organization (ages 
9-13) within a single season.  This thesis highlights the role of injury surveillance in sports; need 
to conduct further surveillance efforts at the youth level; and value of combining surveillance 
efforts with on-field video collected during sporting events to investigate injury mechanisms in 
youth football.  
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CHAPTER 1 – SPORTS INJURY SURVEILLANCE LITERATURE 
REVIEW 
Introduction 
The leading cause of death in 2015 in the United States for individuals between the ages 
of 1 and 44 years old was unintentional injury (CDC, 2015).  Though injuries are a leading cause 
of death, the number of people with non-fatal injuries is much greater.  In 2014, an estimated 
26.9 million people (8% of US population) were treated for injuries in an emergency department 
(CDC, 2017).  The estimated cost for nonfatal injuries is over $457 billion each year (Florence, 
Haegerich, Simon, Zhou, & Lou, 2015).   
Injury has only recently become a public health concern.  In the early 1900’s, public 
health officials largely believed that injury prevention was not suited for scientific inquiry and 
was a matter of simple avoidance (Sleet et al., 2012).  It was not until the 1940’s and 1950’s that 
mechanism of injury was investigated in a systematic manner and suggestions for injury 
mitigation efforts were proposed.  Hugh DeHaven and John Paul Stapp were pioneers of present 
day injury biomechanics and engineering injury prevention measures (Schmitt, Niederer, Muser, 
& Walz, 2004).  DeHavan, a World War II veteran and plane crash survivor, suggested ideas for 
improving vehicle structure, redistributing load, and reducing unintentional injury (De Haven, 
1945, 2000).  Stapp evaluated the human tolerance to deceleration, serving as his own test 
subject in a high-speed experimental sled (Stapp, 1957).  In 1949, John E. Gordon suggested that 
injuries, like diseases, were characterized by epidemics, seasonal variation, trends over time, and 
demographic variability (Gordon, 1949).  He concluded that injury, like disease, is a product of 
at least 3 sources: host, agent, and environment.   
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The primary cause of injury has evolved over time.  In recent years, children are more 
frequently participating in organized sports with approximately 44 million athletes participating 
in sports annually at the youth and high school level (USA, 2013).  Sports injuries are common 
among athletes, accounting for approximately 8-9% of all emergency department (ED) visits of 
pediatric patients (Damore, Metzl, Ramundo, Pan, & Van Amerongen, 2003; Simon, Bublitz, & 
Hambidge, 2006); however, recent reports demonstrate a trending increase in pediatric sport-
related ED visits (Bayt & Bell, 2016).  It is estimated that 40% of all life-threatening injuries and 
every 1 in 4 cervical spine fractures sustained by children ages 6 to 18 are sport-related (Meehan 
& Mannix, 2013).  Tackle football is played by 11.4% of the youth athlete population (K 
Rizzone, Diamond, & Gregory, 2013). Serious injuries are 5 to 7 times as common in football 
than other youth contact sports and 14% of all football injuries are serious (Radelet, Lephart, 
Rubinstein, & Myers, 2002). 
Surveillance is one tool that may be used to monitor sports injuries.  It is the process of 
collecting, managing, analyzing, interpreting, and reporting data and is one of the pillars of 
public health.  Historically, surveillance has been used to monitor and respond to infectious 
disease; however, surveillance efforts over the past 30 years have increasingly included non-
communicable chronic disease and injury (Berkelman & Buehler, 1990; Injury In America, 
1985).  A 1985 report from the Institute of Medicine and the National Research Council 
Committee on Trauma Research called for the establishment of injury surveillance systems to 
collect and analyze injury data and conduct injury prevention efforts (Injury In America, 1985).  
Surveillance is a valuable tool that may be used to inform populations needing treatment, 
prevention efforts, or education (Buehler, 2008) and may be used to describe injury risk factors, 
mechanisms, or the use or effect of interventions.   
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Sports injury surveillance systems have been used for over 10 years to answer questions 
about the incidence, severity, risk factors, and mechanisms of injury at the high school and 
collegiate level of football; however, there is limited data on injury surveillance at the youth 
level.  Therefore, the objective of this study is to conduct a review of existing sports injury 
surveillance systems, including study design and key research findings in football players, to 
inform surveillance efforts conducted at the youth football level. 
Methods 
PubMed, an online literature database, was queried for peer reviewed publications related 
to sports injury and football injury surveillance.  Key search terms included 'NCAA football', 
'high school football', 'injury surveillance', and 'injury rate'.  Key contributors and common 
authors were identified and searched within PubMed using the author name feature to identify 
any additional publications that were not captured in the initial search criteria.  Studies were 
considered eligible if they met the following criteria: (1) epidemiological studies published 
between 2007 and 2018, (2) conducted in the United States, and (3) reported overall and/or 
concussion injury rates computed from football populations.  Studies involving emergency 
department visits, elite level and/or extreme sports (i.e., Olympic-level), and experimental 
studies (i.e., helmet sensors, interventions) were excluded from the review.  Review articles, 
abstract-only publications, commentaries, anecdotal reports, meta-analyses, and case studies 
were not considered.  .   
Study design and methodology, data collection tools and measurements were evaluated 
and the three most common injury surveillance systems were identified.  The methodology paper 
associated with each surveillance system was reviewed.  The purpose, recruitment methods, key 
terminology, process flow, and quality control methods were compared among the surveillance 
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systems.  Lastly, injury rates, injury mechanisms, and common body regions injured for all 
football injuries as well as football concussion injury rates and concussion mechanisms were 
tabulated from published studies identified in the literature review.  Injury rates were reported as 
true injury rates, calculated as the sum of all injuries divided by the sum of athlete-exposures 
(AEs).  All injury rates were reported per 1000 AEs and confidence intervals were extracted, if 
available. 
Analysis of Literature Review Findings 
 A flow diagram of the article selection process is provided in Figure 1.  The initial search 
criteria resulted in 365 published research studies.  128 articles were excluded as they were 
published prior to 2007.  Exclusion of international studies, emergency department visits, elite 
level and/or extreme sports, and experimental studies further narrowed this down to 34 articles.  
The search for additional publications from key contributors and common authors expanded the 
literature search to 90 articles.  Fifty-five of the 90 articles (61%) included football populations.  
Finally, all studies with overall injury rates and/or concussion injury rates reported for football 
populations were identified, resulting in 23 articles included in the final analysis of injury rates.  
The three most common injury surveillance systems identified were the High School Reporting 
Information Online (RIO), National Athletic Treatment Injury and Outcomes Network 
(NATION), and National Collegiate Athletic Association Injury Surveillance Program (NCAA 
ISP).  The stated purpose of each surveillance system is provided in Table 1.  The most common 
study design, among those reviewed, was a prospective cohort study.   
12 
 
 
Figure 1. Flow diagram demonstrating the article selection process or the inclusion of studies in the 
systematic review.  
 
Table 1.  Purpose and population of each surveillance system evaluated in this study. 
Surveillance System Population Purpose 
RIO High school 
Injury surveillance of a representative national sample 
of U.S. high schools (R. D. Comstock, 2006) 
NATION High School 
Comprehensive examination of all TL and NTL injuries 
and the associated AT services in the high school 
setting (Dompier, Marshall, Kerr, & Hayden, 2015) 
NCAA ISP Collegiate 
Injury and exposure monitoring in a representative 
sample of NCAA athletes, institutions, and sports (Kerr 
et al. 2014) 
 
Articles identified through 
PubMed search criteria
(n=365)
Additional articles identified from 
key authors and contributors
(n=56)
Articles excluded based on screening for:
international studies
emergency department visits
elite level and/or extreme sports 
experimental studies 
(n=203)
Articles excluded based on 
publication date
(n=128)
Articles eligible for initial 
screening
(n=237)
Articles screened for football 
population
(n=90)
Articles excluded for lack of 
football population
(n=35)
Articles  assessed for overall 
injury rates and/or 
concussion rates
(n=55)
Articles  excluded for lack of 
overall injury rates and/or 
concussion rates
(n=32)
Articles  included in final 
literature review
(n=23)
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Recruitment/Sampling  
 Recruitment of teams to contribute to the surveillance system was a key step in 
developing each database.  RIO enrolls willing schools representative of US high schools with a 
National Athletic Trainers’ Association (NATA)- affiliated athletic trainer (AT).  RIO uses a 3-
stage sampling methodology to identify schools to recruit for the study.  NATION recruits and 
enrolls high schools with a regularly participating/employed AT who agreed to participate.  
NCAA ISP enrolls NCAA schools with 15 core sports and willing AT to report all data.  Each 
system relied on ATs to voluntarily report injury and exposure data and have grown their 
databases and participating schools year to year.   
Key Terms 
 Common terms defined by many of the surveillance systems include 'reportable injury', 
'time-loss injury', 'exposure', and 'athlete-exposure'.  Each of the surveillance systems defined a 
reportable injury as an injury that occurred as a result of participation in an organized 
school/organization practice or competition that required attention from an AT or physician (R. 
D. Comstock 2006; Dompier, Marshall, et al. 2015; Kerr et al. 2014).  The amount of time the 
athlete was restricted from play influences how and what injuries are reported to each 
surveillance system.  The amount of time lost due to injury was designated as (a) time-loss (TL) 
injury, an injury requiring restriction of the athlete’s participation for 1 or more days beyond the 
injury; or (b) non-time-loss (NTL) injury, an injury evaluated by a medical provider (i.e., AT, 
physician) but did not result in restriction of the athlete’s participation beyond 1 day (Dompier, 
Marshall, et al., 2015).  All dental injuries were reported to each surveillance system regardless 
of time-loss.  RIO only includes TL injuries, NCAA ISP initially only included TL injuries but 
14 
 
began included NTL injuries in 2009, and NATION has included TL and NTL injuries since the 
beginning of the study.   
 Exposure was explicitly defined by the NCAA-ISP has an organized team practice or 
competition in which student-athletes were participating ( Kerr et al. 2014).  Each surveillance 
system has built in methods to impute exposures when not entered into the system.  An athlete-
exposure (AE) was defined as one student-athlete participating in 1 school/organization-
sanctioned practice or competition in which he or she was exposed to the possibility of an 
athletic injury, regardless of the amount of time spent in that activity (R. D. Comstock 2006; 
Dompier, Marshall, et al. 2015; Kerr et al. 2014).  AEs are defined for practices and games; 
however, NCAA-ISP and NATION specifically count game AEs only for athletes with actual 
play time during the game (Dompier, Marshall, et al. 2015; Kerr et al. 2014).   
Process Flow and Quality Control  
 The RIO surveillance system is an internet-based system (R. D. Comstock, 2006).  ATs at 
participating schools served as the reporter of all injury and exposure data.  Weekly emails are 
sent to participating ATs reminding them to complete injury and exposure reporting and data are 
reported using an online form.  Data reported include detailed information about the injured 
athlete (i.e., age, year in school), the injury (i.e., site, type, severity), and the injury event (i.e., 
player position, phase of play) (Tirabassi et al., 2016).  The injury, body region, and mechanism 
categories recorded for RIO are provided in Figure 2a.  ATs were able to view and edit reports as 
needed.  The quality control (QC) process of the RIO database was not described in the 
literature. 
 NATION and NCAA-ISP have very similar data collection processes.  For each system, 
the AT is an integral piece of recording all data to be submitted to the surveillance system.  The 
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NCAA-ISP originally collected all injury and exposure data via paper forms mailed or faxed to 
the NCAA; however, the surveillance system has evolved to a web-based system (Dompier, 
Marshall, et al., 2015).  Three electronic injury recording applications are certified to export data 
to the NATION and NCAA-ISP surveillance systems:  Athletic Trainer System (ATS), Datalys 
Injury Surveillance Tool (ITS), and Sports Injury Monitoring System (SIMS) (Dompier, 
Marshall, et al. 2015; Kerr et al. 2014).  ATS and SIMS are commonly used injury-
documentation applications among ATs.  The integrated export utility allowed for ATs to 
document injuries as they normally would, without having to adapt to a new or additional 
platform (Dompier, Marshall, et al. 2015; Kerr et al. 2014).   
Injury and exposure data are recorded by the AT weekly.  There are additional 
capabilities to report sport-related adverse health events such as heat-related conditions, illness, 
and skin infections.  Data reported include detailed information about the injury or condition 
(e.g., site, diagnosis, severity) and circumstances (e.g., activity, mechanism, event type, playing 
surface) (Dompier, Marshall, et al., 2015).  The injury, body region, and mechanism categories 
recorded for NCAA ISP and NATION are provided in Figure 2b.  ATs were able to view and 
edit reports as needed throughout the season.  To report exposure data, a roster with checkboxes 
indicating participation was completed for each session.  Upon export to the NATION and 
NCAA-ISP surveillance systems, all data are stripped of identifying information.  This ensures 
anonymity within the central database; however, each data collection site may see identifying 
information for their athletes.  To ensure quality of data, the NATION and NCAA ISP 
surveillance systems have implemented a series of automated and manual consistency checks 
conducted by in-house staff.  This includes anonymization of athlete identifiers and verification 
of recorded data.  Verification includes an automated and manual process of flagging invalid or 
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errant values (Dompier, Marshall, et al., 2015; Kerr et al., 2014).  If invalid or errant values are 
identified in the initial automated verification process, the entry is noted as a partial or 
incomplete submission,  in-house staff (i.e., Datalys) is alerted and the AT at the respective 
school is notified to ensure issues are resolved  with the individual site (Dompier, Marshall, et 
al., 2015).  Datalys staff reviews and removes all apparent duplicate injury data.  All data for the 
respective season must be entered within 30 days past the final competition date (Dompier, 
Marshall, et al., 2015; Kerr et al., 2014).   
 
Figure 2. Injury, body region, and mechanism categories recorded in (a) RIO and (b) NCAA ISP 
and NATION.   
Injury
• Strain/sprain
• Contusion
• Fracture
• Concussion
• Other
Body Region
• Head/face
• Knee
• Ankle
• Shoulder
• Hand/wrist
• Hip/thigh/upper leg
• Trunk
• Arm/elbow
• Neck
• Foot
• Other
Mechanism
• Being tackled
• Tackling
• Blocking
• Being blocked
• NA (e.g., overuse, heat illness)
• Stepped on/fell on/kicked
• Rotation around a planted foot
• Uneven playing surface
• Contact with ball
• Contact with blocking sled/dummy
• Contact with out of bounds
• Other
Injury
• Cartilage injury
• Concussion
• Contusion
• Dislocation
• Fracture
• Inflammatory 
condition
• Laceration
• Nerve injury
• Laceration
• Nerve injury
• Spasm
• Sprain
• Strain
• Subluxation
• Other
Body Region
• Head/face
• Neck
• Shoulder
• Arm/elbow
• Hand/wrist
• Trunk
• Hip/groin
• Upper leg
• Knee
• Lower leg
• Ankle
• Foot
• Other
Mechanism
• Being tackled
• Tackling
• Blocking
• Being blocked
• Stepped on/fell on/kicked
• Contact with person
• Contact with equipment
• Noncontact
• Overuse
• Illness
• Infection
• Unknown
• Other
(A) RIO
(B) NCAA ISP/NATION
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Overall Injury Rates  
 True injury rates and 95% confidence intervals reported in the literature are provided in 
Table 2.  The majority of published injury rates are reported at the high school level.  Overall, 
injury rates were higher in competitions compared to practices.  Youth athletes had the greatest 
practice-related injury rates, ranging from 6.1 to 8.1 per 1000 AE.  The lowest practice-related 
injury rates were reported at the high school level, ranging from 1.3 to 4.8 per 1000 AE.  The 
competition injury rates varied among levels of play and population, but Kerr et al reported the 
greatest competition-related injury rate (36.9 per 1000 AE) among all studies evaluated (Zachary 
Y Kerr et al., 2016).  The greatest total injury rates were observed at the youth level with rates 
ranging from 9.1 to 16.0 per 1000 AE.   
 Four studies reported general and/or specific injury mechanisms for all injuries (Table 3).  
The most common general injury mechanism for all injuries was player to player contact.  In 
practices, being blocked/blocking was a common injury mechanism, compared to tackling/being 
tackled in competitions.  Lastly, running plays were most commonly associated with injuries.  
No youth studies reported general or specific injury mechanisms for all injuries. Several studies 
reported the most common body regions injured (Table 4).  For both high school and collegiate 
populations, lower extremity injuries were common; however, several high school studies 
reported the head/face as the most common body region injured.  The shoulder was a common 
body region injured and resulted in the 3
rd
 most common region in 5 out the 8 published studies.   
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Table 2. Collegiate, high school, and youth football injury rates reported in the literature.  Injury rates reported per 1,000 athlete-exposures (AE).  
Confidence intervals reported, if available.  EDU = education only sub-group; HUF = Head's Up Football sub-group; N/A=custom surveillance system. 
Surveillance 
System 
Population 
Sub 
Category 
Practice Rate 
(95% Confidence 
Interval) 
Competition Rate 
(95% Confidence 
Interval) 
Total Rate 
(95% Confidence 
Interval) 
School 
Year(s) 
Study 
NCAA ISP Collegiate 
 
5.9 
(5.7, 6.0) 
36.94 
(36.08, 37.81) 
-- 2004-2009 ( Kerr et al., 2016) 
N/A Collegiate 
 
2.9 
(2.5, 3.3) 
9.77 
(7.65, 12.5) 
3.52 
(3.10, 4.00) 
2007-2012 (Williams et al., 2017) 
NCHSAIS High School Div 1A -- -- 
3.8 
(2.4, 5.8) 
1996-1999 (Knowles et al., 2009) 
NCHSAIS High School Div 2A -- -- 
3.8 
(3.0, 4.8) 
1996-1999 (Knowles et al., 2009) 
NCHSAIS High School Div 3A -- -- 
1.9 
(1.1, 3.3) 
1996-1999 (Knowles et al., 2009) 
NCHSAIS High School Div 4A -- -- 
5.0 
(3.8, 6.6) 
1996-1999 (Knowles et al., 2009) 
RIO High School 
 
2.5 12.1 4.4 2005-2006 
(Rechel, Yard, & Comstock, 
2008) 
RIO High School 
 
1.3 9.0 2.6 2005-2009 
( Kerr, Collins, Fields, & 
Comstock, 2011) 
NATION High School 
 
-- -- 
15.3 
(15.1, 5.5) 
2011-2014 
(Dompier, Marshall, et al., 
2015) 
N/A High School Large -- -- 5.7 2013-2014 (King et al., 2015) 
N/A High School Medium -- -- 4.6 2013-2014 (King et al., 2015) 
N/A High School Small -- -- 8.0 2013-2014 (King et al., 2015) 
NATION High School EDU 
4.8 
(3.5, 6.1) 
26.4 
(18.4, 34.3) 
-- 2015 ( Kerr et al., 2016) 
NATION High School HUF 
3.0 
(2.0, 4.0) 
11.4 
(6.3, 16.5) 
-- 2015 ( Kerr et al., 2016) 
N/A Youth 
 
7.4 15.0 16.0 1988-2008 (Beachy & Rauh, 2014) 
YFSS Youth 
 
7.2 
(6.7, 7.7) 
21.2 
(19.6, 22.8) 
10.3 
(9.8, 10.9) 
2012-2013 
( Kerr, Marshall, et al., 
2015) 
YFSS Youth Age-Only 
6.1 
(5.4, 8.9) 
18.1 
(16.0, 20.1) 
9.1 
(8.4, 9.9) 
2012-2013 
( Kerr, Marshall, et al., 
2015) 
YFSS Youth 
Age-
Weight 
8.1 
(7.4, 8.9) 
25.0 
(22.4, 27.5) 
11.4 
(10.7, 12.2) 
2012-2013 
(Kerr, Marshall, et al., 
2015) 
N/A Youth Tackle -- -- 2.6 Unknown (Peterson et al., 2017) 
N/A Youth Flag -- -- 5.8 Unknown (Peterson et al., 2017) 
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Table 3. Most frequent general and specific injury mechanisms at the collegiate and high school levels of football for all injuries.   
  
Practice Game 
  
Surveillance 
System 
Population General Specific 
Football 
Activity 
General Specific 
Football 
Activity 
School 
Year 
Study 
NCAA ISP Collegiate 
Contact 
with player 
Blocked/ 
being blocked 
General 
play 
Contact with 
player 
Blocked/ 
being blocked 
Running 
play 
2005-2006 
(Shankar, Fields, Collins, Dick, & 
Comstock, 2007) 
NCAA ISP Collegiate 
Contact 
with player 
Blocking -- 
Contact with 
player 
Being tackled -- 2004-2009 ( Kerr et al., 2016) 
NCHSAIS 
High 
School* 
-- -- -- -- Tackling 
Running 
Play 
1996-1999 (Knowles et al., 2009) 
RIO High School 
Contact 
with player 
Blocked/ 
being blocked 
Running 
play 
Contact with 
player 
Being tackled 
Running 
play 
2005-2006 (Shankar et al., 2007) 
*Overall mechanism (practices and games) 
Table 4. Common body region injured at the collegiate and high school levels of football.   
Surveillance 
System 
Population 
Sub 
Category 
Most common 2nd most common 3rd most common School Year Study 
NCAA ISP Collegiate 
 
knee ankle shoulder 2004-2009 (Kerr et al., 2016) 
N/A Collegiate 
 
lower extremity upper extremity head/face/neck 2007-2012 (Williams et al., 2017) 
NCAA ISP Collegiate 
 
lower leg/ankle/foot hip/thigh shoulder 2005-2006 (Shankar et al., 2007) 
RIO High School 
 
lower extremities upper extremities head/face/neck 2005-2006 (Rechel et al., 2008) 
RIO High School 
 
head/face knee shoulder/upper arm 2005-2009 (Kerr et al., 2011) 
RIO High School 
 
lower leg/ankle/foot knee shoulder 2005-2006 (Shankar et al., 2007) 
N/A High School Large head/face lower leg hip/upper leg 2013-2014 (King et al., 2015) 
N/A High School Small head/face lower leg shoulder 2013-2014 (King et al., 2015) 
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Concussion Injury Rates  
True concussion injury rates and 95% confidence intervals (if available) reported in the 
literature are provided in Table 5.  For all levels of play, concussion injury rates were higher in 
competitions than practices.  Similar practice-related concussion rates were observed among all 
levels of play and ranged from 0.2 per 1000 AE reported by Kontos et al in 8-12 years olds to 0.9 
per 1000 AE reported by Houck et al in a collegiate population.  Competition-related concussion 
rates were also similar among all levels of play; however, the smallest concussion rates (2.0 per 
1000 AE) were reported in the high school population and the highest concussion rate (6.2 per 
1000 AE) was reported in the youth population.  Lastly, the overall concussion rate was similar 
among all levels of play, with the highest overall concussion rate reported in a sub-population of 
youth, ages 11 to 12 years (2.5 per 1000 AE).   
 General and specific mechanism of concussion was more commonly reported among the 
literature compared those for overall injuries (Table 6).  Similar to overall injuries, player to 
player contact was most common.  Tackling/being tackled was a common specific concussion 
injury mechanism; however, blocking was a common mechanism observed at the collegiate level 
of play.   
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Table 5. Collegiate, high school, and youth football concussion rates reported in the literature.  Injury rates reported per 1,000 athlete-exposures (AE).  
Confidence intervals reported, if available.  EDU = education only sub-group; HUF = Head's Up Football sub-group; N/A=custom surveillance system. 
 
Surveillance 
System 
Population 
Sub 
Category 
Practice Rate 
(95% Confidence 
Interval) 
Competition Rate 
(95% Confidence 
Interval) 
Total Rate 
(95% Confidence 
Interval) 
School 
Year(s) 
Study 
NCAA ISP Collegiate 
 
0.4 
(0.4, 0.4) 
-- -- 2005-2009 
(Kerr, Hayden, Dompier, & 
Cohen, 2015) 
NCAA ISP Collegiate 
 
0.4 
(0.4, 0.5) 
3.0 
(2.6, 3.4) 
0.7 
(0.6, 0.7) 
2009-2014 (Zuckerman et al., 2015) 
N/A Collegiate 
 
0.9 
(0.8, 1.1) 
4.5 
(3.2, 5.8) 
1.2 
(1.0, 1.4) 
2006-2015 (Houck et al., 2016) 
NCAA ISP Collegiate  
0.5  
(0.4, 0.6) 
3.7 
(3.0, 4.4) 
-- 2012-2013 
(Dompier, Kerr, et al., 
2015) 
N/A High School  -- -- 0.6 1997-2008 (Lincoln et al., 2011) 
RIO High School 
 
0.3 2.3 0.6 2008-2010 
(Marar, McIlvain, Fields, & 
Comstock, 2012) 
NATION High School 
 
0.7 
(0.6, 0.7) 
2.0 
(1.8, 2.2) 
0.9 
(0.9, 1.0) 
2011-2014 (O’Connor et al., 2017) 
NATION High School  
0.7 
(0.6, 0.7) 
2.0 
(1.8, 2.2) 
-- 2012-2013 
(Dompier, Kerr, et al., 
2015) 
NATION High School EDU 
0.7 
(0.2, 1.2) 
4.4 
(1.1, 7.7) 
-- 2015 ( Kerr et al., 2016) 
NATION High School HUF 
0.1 
(0.0, 0.3) 
0.6 
(0.0, 1.8) 
-- 2015 ( Kerr et al., 2016) 
N/A Youth 
8-10 
years old 
-- -- 
0.9 
(0.3, 2.2) 
2011 (Kontos et al., 2013) 
N/A Youth 
11-12 years 
old 
-- -- 
2.5 
(1.4, 4.2) 
2011 (Kontos et al., 2013) 
N/A Youth 
8-12 
years old 
0.2 
(0.0, 0.8) 
6.2 
(3.8, 9.5) 
1.8 
(1.0, 2.5) 
2011 (Kontos et al., 2013) 
YFSS Youth 
 
0.6 
(0.4, 0.7) 
2.4 
(1.9, 3.0) 
1.0 
(0.8, 1.2) 
2012-2013 
(Dompier, Kerr, et al., 2015; 
Kerr, Marshall, et al., 2015) 
YFSS Youth 
Age-
Weight 
0.5 
(0.3, 0.7) 
2.2 
(1.4, 2.9) 
0.8 
(0.6, 1.0) 
2012-2013 
(Kerr, Marshall, et al., 
2015) 
YFSS Youth Age-Only 
0.7 
(0.5, 0.9) 
2.6 
(1.9, 3.4) 
1.2 
(0.9, 1.4) 
2012-2013 
(Kerr, Marshall, et al., 
2015) 
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Table 6. Most common general and specific injury mechanisms at the collegiate, high school, and youth levels of football for concussions.   
  
Practice Game Overall 
  
Surveillance 
System 
Population 
General 
Mechanism 
Specific 
Mechanism 
General 
Mechanism 
Specific 
Mechanism 
General 
Mechanism 
Specific 
Mechanism 
School 
Year 
Study 
NCAA ISP Collegiate -- Tackling -- -- -- Blocking 2004-2009 
(Kerr, Hayden, et al., 
2015) 
NCAA ISP Collegiate 
Contact with 
player 
Blocking 
Contact with 
player 
Tackling 
Contact with 
player 
-- 2012-2014 
(Lynall, Campbell, 
Wasserman, Dompier, & 
Kerr, 2017) 
RIO High School -- -- -- -- 
Contact with 
player 
Tackling and 
being tackled 
2008-2010 (Marar et al., 2012) 
NATION High School -- -- -- -- 
Contact with 
player 
-- 2011-2014 (O’Connor et al., 2017) 
NATION High School 
Contact with 
player 
Tackling 
Contact with 
player 
Tackling 
Contact with 
player 
-- 2012-2014 (Lynall et al., 2017) 
YFSS Youth 
Contact with 
player 
Being 
tackled 
Contact with 
player 
Being 
tackled 
Contact with 
player 
-- 2012-2014 (Lynall et al., 2017) 
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Recommendations for Youth Football Surveillance 
 There were several fundamental components of the existing injury surveillance systems 
that may help inform successful completion of injury surveillance at the youth level.  First, 
NCAA-ISP, NATION, and RIO all relied on a willing AT to report injuries and exposures in a 
timely manner.  Second, the existing surveillance systems utilize electronic reporting of injuries 
and exposures; NCAA-ISP and NATION were developed to integrate with existing electronic 
injury reporting software commonly used by ATs.  It is very uncommon for a youth football 
program to have an AT present at all practices and games, but often a Player Safety Coach (USA 
Football) or parent volunteer is designated to aid in the management of injuries.  To my 
knowledge, there are currently minimal guidelines and oversight over the reporting of injuries in 
youth football and in speaking with stakeholders within the league enrolled in this study, the 
existing reporting systems encompass the completion of a paper reporting form for insurance 
purposes only.   
To improve injury reporting and injury surveillance efforts in youth football, a league-
wide policy for injury identification and management may be introduced which includes formal 
training in injury prevention and assessment in sports. The policy could require that a number of 
volunteers from each organization complete the training and designate representatives that will 
be present during each practice and game throughout the season. The policy could also be 
developed in conjunction with telemedicine resources (i.e., on call medical professional such as 
an AT) in which the trained volunteer would communicate with telemedicine resources in the 
event of an injury and provide assistance walking through an on-field assessment and 
recommendation for escalation, if indicated.  This policy could also require the designated 
representatives to report all injuries and attendance counts to an electronic database (i.e., RedCap 
or Qualtrics).  Alternatively, a simplified injury surveillance program may be implemented in 
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which an automated text message is sent to a coach asking if a child was removed from the 
session due to an injury or suspected injury, soliciting a simple yes or no response from the 
respective coach.  This may be followed by submission of a standardized electronic form (i.e., 
RedCap or Qualtrics) asking simple questions related to the injury, the injurious event and 
attendance during the session.  The challenge, and key to success, will be developing adequate 
training for coaches and parent volunteers in the identification and management of injuries.   
The third fundamental component of existing surveillance systems is adequate staff to 
maintain the database and perform verification and quality control of injury and exposure data.  
One possible solution may be for youth football leagues to partner with a local university or 
hospital system which may have the resources, staffing capabilities, and potential interest to 
maintain the surveillance system and ensure data quality.  Lastly, the final component of existing 
surveillance systems is adequate funding.  Each of the existing surveillance systems were 
developed through grant and/or institutional funds to support the infrastructure needed to 
successfully conduct injury surveillance including, but not limited to, research staff, athletic 
trainers, data quality staff, as well as funds to support the computing efforts needed to store and 
secure data.  Research teams and/or youth football leagues may seek funding support from 
national football organizations, federal agencies, foundations, and/or hospital systems to provide 
funds to conduct surveillance.   
While much can be learned from the success of existing surveillance systems, several 
unanswered questions remain.  First, there is currently a lack of guidelines to conduct injury 
surveillance in youth football.  Youth football leagues are often community run organizations 
that lack the structure and resources that exist at the high school and collegiate level.  It is 
difficult for existing surveillance systems to simply be adapted to the youth environment.  
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Engaging key stakeholders (i.e., injury surveillance experts, league officials, and coaches) in 
discussions related to injury surveillance at this level of play as well as gained experience 
conducting injury surveillance at this level may lead to the development of guidelines specific to 
this population.  Additionally, the minimum training required to identify and report injuries is 
unclear.  As mentioned previously, existing surveillance systems rely on ATs, medical 
professional trained in the assessment, management and treatment of athletic injuries, to report 
all injuries and exposures.  Given the limited resources at the youth level, there may be minimum 
training that needs to be established for coaches and parents to contribute to injury reporting 
systems.  This would also improve the number of individuals on-field capable of identifying 
injuries needing medical attention, leading to improved care and safety of youth athletes.   
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CHAPTER 2 – PRACTICUM EXPERIENCE: INJURY SURVEILLANCE 
IN A YOUTH FOOTBALL LEAGUE 
Introduction 
Approximately 44 million athletes participate in sports annually at the youth and high 
school level (USA, 2013). Tackle football is among the most common contact sports in this age 
group and comprises 11.4% of the youth athlete population ( Rizzone, Diamond, & Gregory, 
2013). Enrollment in youth tackle football has trended downward over the last several years, 
possibly due to parental concerns about safety (USA, 2013).  Injuries frequently occur in contact 
sports such as football, however injury risk in football is 5 to 7 times greater than other youth 
contact sports and 14% of all football injuries are serious (Radelet et al., 2002).  Children 
participating in youth sports are often overlooked when assessing needs for injury prevention, 
compared to the collegiate and professional levels.  There are several published studies on injury 
rates in football at the high school and collegiate levels of play ( Kerr et al., 2016;  Kerr et al., 
2016; Lynall et al., 2017; Rosenthal, Foraker, Collins, & Comstock, 2014; Tirabassi et al., 2016); 
however, literature at the youth level is growing (Dompier, Kerr, et al., 2015; Kerr et al., 2015; 
Lynall et al., 2017; Peterson et al., 2017).   
Kerr et al recently evaluated injury rates in age-only versus age- and weight-restricted 
youth football teams.  Of the athletes evaluated, contusions (34.4%), ligament strains (16.3%), 
concussions (9.6%), and muscle strains (7.8%) were the most common injuries (Kerr et al., 
2015).  Although Kerr et al. found similar injury rates between the age-only and age/weight-
based team classifications, older youth football players may have a higher injury rate when 
compared to younger youth football players (Kerr et al., 2017).  With over 3 million youth 
football players, there is a need to understand rates and common mechanisms of injury for the 
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development of relevant prevention efforts at this level of play. Therefore, the objective of this 
study was to conduct injury surveillance within a local Winston Salem, NC youth football 
organization and determine common mechanisms of injury in youth football using video 
analysis. 
Methods 
Athletes participating in a local Winston Salem youth tackle football league during the 
Fall 2017 season were eligible for this study, which was approved by the University of North 
Carolina at Chapel Hill and Wake Forest School of Medicine Institutional Review Board (IRB).  
During the football season, a certified athletic trainer was present for all practices and games 
conducted by one youth football organization consisting of 6 teams participating at the Tiny Mite 
(TM), Mighty Mite (MM), 10U, Jr Pee Wee (JPW), and 12U levels of play.  A separate athletic 
trainer was present for all games played by one football team at the Jr Midget (JM) level within a 
separate organization.  A summary of the age and weight restrictions for each level of play and 
the number of athletes on each home team covered by the AT are provided in Table 7. 
Table 7.  Age and weight restrictions for the athletes evaluated in this study. Age is 
determined as of 7/31/17. Weight allowance for JPW and JM levels of play include a 5lb 
equipment allowance. 2 MM teams were followed in this study with 20 athletes on each 
team. O/L = older lighter. 
 
Level of Play N Age Cut-Off Weight Allowance 
Tiny Mite (TM) 27 7 years old or younger  Unlimited Weight 
Mighty Mite (MM) 20 9 years old or younger  Unlimited Weight 
10U 28 10 years old or younger  Unlimited Weight 
Jr Pee Wee (JPW) 19 10 years old or younger; 11years old (O/L) 129lbs; 109lbs (O/L) 
12U 28 12 years old or younger Unlimited Weight 
Jr Midget (JM) 24 12 years old or younger; 12 years old (O/L) 165lbs; 145lbs (O/L) 
 
All injuries assessed by the athletic trainer during an organized practice or game were 
evaluated in this study.  Information related to the injury, including the date and time of the 
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injury event, level of play, body region injured, type of injury, and a description of the event that 
resulted in the injury was recorded and submitted by the athletic trainer through an online 
RedCap survey (Appendix C).  Patient name was not submitted to ensure anonymity.  For a 
subset of teams, video was capture for injury review. As such, if an injury occurred during a 
practice or game at the 10U, 12U, JPW, or JM levels of play, on-field video captured during 
practices and games was reviewed to determine the mechanism of injury.  The date, time, and 
description of the event leading to the injury provided by the athletic trainer were used to identify 
the injurious event in the video.  For each injury identified in the video, a video abstraction form 
was completed by two independent reviewers.  Responses from the independent reviewers were 
compared and discrepancies in coding were re-evaluated by the two independent reviewers until 
a consensus was received.  The video abstraction form (Appendix D) included questions 
concerning player position, mechanism of injury, closing distance and appeared player 
anticipation of impending contact.  Questions from the video abstraction form were derived from 
previously published literature (R. Comstock, Currie, & Pierpoint, 2015; Dompier, Powell, 
Barron, & Moore, 2007; Hendricks et al., 2016; Kerr et al., 2016; Kerr et al., 2016; Lynall et al., 
2017).  Frame by frame analysis and video abstraction was completed with Kinovea 
(experimental v.0.8.26) video analysis software. 
 Summary statistics on the frequency of injuries and associated mechanisms were 
evaluated.  Competition injury rates were computed relative to total athlete exposures (AEs) by 
injury type, level of play, and time of season and are presented per 1000 AEs.  AE is computed 
as one athlete participating in one practice or competition where the athlete is exposed to the 
possibility of an athletic injury.  For the TM and MM teams, AEs were computed on the team-
level (i.e., 20 athletes per team).  For the 10U, 12U, JPW, and JM teams, AEs were computed for 
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each competition based on the number of athletes participating in the game, determined from the 
video recorded data.  Lastly, a case review was conducted by J. U. Hobson for all head and neck 
injuries.  The case review was developed from the video abstraction form and included frame by 
frame documentation and analysis of the injurious event and description of symptoms reported 
by the AT.   
Results 
 A total of 34 injuries were recorded by the athletic trainers during 42 practice sessions 
(multiple teams practicing within one sessions) and 73 competitions between 8/1/2017 and 
11/12/2017.  Of the injuries evaluated, 76.5% occurred during competitions (Table 8).  
Concussions were the most common competition injury, resulting in 46% of the cases, followed 
by contusions (23%).  Injury rates were computed for all competition injuries by injury type and 
level of play (Figure 3).  Overall, the competition injury rate was 8.06 per 1000 AE.  
Concussions had the highest injury rate (4.0 per 1000 AE), followed by contusions (2.0 per 1000 
AE); however, contusions were only reported at the youngest levels of play (TM: 2.13 per 1000 
AE; MM: 6.25 per 1000 AE).  Concussions occurred at all levels of play and were most frequent 
at the 10U, JPW, and 12U levels of play (5.91, 5.28, and 5.77 per 1000 AE, respectively).  There 
were no cases of heat illness or wounds reported.  Of note, two injuries occurred during the 
season that required Emergency Medical Service (EMS) activation and are further evaluated in 
the Case Series below.  Strain/sprains were the most common practice injury (75%) and most 
frequently occurred at the 12U level of play (Table 9).    
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Figure 3. Competition injury rate per 1,000 AE by injury type and level of play. 
 
Table 8. Number of injuries within each level of play that occurred during competitions 
from 8/12/2017-11/12/2017 
Competition Injuries 
      
 
Tiny 
Mite 
Mighty
Mite
+
 
10U 
Jr Pee 
Wee 
12U JM Total 
Strain/sprain 0 0 1 1 0 1 3 
Contusion 1 5 0 0 0 0 6 
Fracture 0 1 0 0 1 0 2 
Concussion 2 1 3 2 3 1 12 
Heat Illness 0 0 0 0 0 0 0 
Wound 0 0 0 0 0 0 0 
Other* 0 1 0 1 1 0 3 
Comp. Total 3 8 4 4 5 2 26 
Exposures 470 800 508 379 520 330 3007 
*MM other: wind knocked out 
*JPW other: illness, vomit, no concussive symptoms;  
*12U other: Player pulled himself out and reported headache before the game started.  
+
Includes MM 1 and MM 2 teams 
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Table 9. Number of injuries within each level of play that occurred during practices from 
8/1/2017-11/12/2017 
Practice Injuries 
      
  
Tiny 
Mite 
Mighty
Mite
+
 
10U 
Jr Pee 
Wee 
12U JM** 
Injury 
Total 
Strain/sprain 0 0 0 1 5 
 
6 
Contusion 0 0 0 0 0 
 
0 
Fracture 0 0 0 0 0 
 
0 
Concussion 0 1 0 0 0 
 
1 
Heat Illness 0 0 0 0 0 
 
0 
Wound 0 0 0 0 0 
 
0 
Other 1 0 0 0 0 
 
1 
Prac. Total  1 1 0 1 5 
 
8 
*TM other: pain on head at site of impact, no concussion 
**No AT present at JM practices 
+
Includes MM Silver and MM Blue teams 
 
 The number and rate of competition injuries were evaluated on a weekly basis (Figure 4).  
Two reported injuries were excluded (Table 8) due to inconclusive diagnoses.  TM and MM 
weekly injury rates were computed separately from 10U, JPW, 12U, and JM as AEs were 
computed on a team, rather than individual, basis.  For the TM and MM levels of play, injury 
rates were highest within the first two weeks of competition (week 2 and 3) and week 7 of the 
season (Figure 4A).  At the 10U, JPW, 12U, and JM levels of play, injury rates were highest 
during weeks 2 and 3 of the season (Figure 4B).  There was an increase in the weekly injury rate 
during week 11; however, this was due to two injuries occurring in one game on a week in when 
only one team was playing.  The trend of increased injury rates during the first few weeks of the 
season holds when combining all teams’ data (Figure 4C).   
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(A) Tiny Mite, Mighty Mite Silver, Mighty 
Mite Blue 
 
 
(C) All Levels of Play 
 
 
(B) Jr Pee Wee, 10U, 12U, Jr Midget 
 
Figure 4. Competition injury count and 
injury rate each week for (A) Tiny Mite, 
Mighty Mite Silver, and Might Mite Blue; 
(B) Jr Pee Wee, 10U, 12U, and Jr Midget; 
and (C) All Levels of Play. 
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Video Abstraction  
Of the 34 injuries reported by the athletic trainers, 
13 injuries occurred at the TM and MM levels of 
play and did not have video recorded data and 2 
injuries at the older levels of play were excluded 
Table 8 and Table 9), resulting in 19 injures 
eligible for video abstraction.  Two cases occurred  
Table 10. Summary of injuries with 
complete video abstraction. 
Injury Video Abstraction Count 
Ankle Sprain 1 
Concussion 6 
Hand Sprain 1 
Knee Strain 2 
Lower Leg 
FX 
1 
Neck Strain 1 
TOTAL 12 
outside of the video frame, 2 cases were unable to be narrowed down to a single injurious event 
and 3 cases were not evaluated because they occurred prior to IRB approval of de-identified 
injuries.  This resulted in 12 cases reviewed for video abstraction.  A summary of the injuries 
with complete video abstraction is provided in Table 10. 
Two independent reviewers completed the video abstraction form.  The reviewers 
initially agreed upon 94% of the coded values.  After discussion of each discrepancy and re-
review of video, all responses were agreed upon except one in which the speed of the injured 
athlete was deemed inconclusive.  The most common injurious scenarios were tackling (41.7%, 
n=5), followed by the injured athlete being blocked (33.3%, n=4).  33.3% of the injurious events 
(n=4) involved helmet to body contact and helmet to ground contact (n=4).  The most common 
body regions contacted on the injured player were the torso (n=9), shoulder/arms (n=7), and head 
(n=6).  The most common objects and/or body regions of other player contacted during contact 
were shoulder/arms (n=7), torso (n=5), and head (n=3).  In two cases, the object or body region 
contacted was deemed inconclusive.  Anticipation of impending contact was evaluated and 
estimated in 10 of the 12 cases, which were evenly split between appeared unprepared (n=5) and 
appeared to anticipate contact (n=5).  Lastly, the injured athlete was engaged in fast purposeful 
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running in 6 of the 12 events, followed by moderate jogging, and stationary/no visible foot 
movement; however, in all but one case (deemed inconclusive), the speed of other athlete(s) 
involved in the event, but not injured, was fast purposeful running (Figure 5).  There were 10 
cases coded as tackling or blocking scenarios.  The most common tackling/blocking scenario was 
single-player (n=7) and contact often occurred at less than or equal to 5 yards apart (n=8).  50% 
of the 10 scenarios involved the head for any player as the initial point of contact.   
 
Speed of Injured Athlete Speed of Other Athlete  
  
 
Figure 5. Speed of athletes involved in the injurious event. 
 
 
  
16.7%
8.3%
16.7%50.0%
8.3%
N
1, Stationary: no visible foot movement 
2, Slow: walking 
3, Moderate: jogging (non-purposeful slow 
running with low knee lift) 
4, Fast: running/sprinting (purposeful 
running with maximal effort, high knee lift) 
5, Inconclusive 
6, N/A
91.7%
8.3%
1, Stationary: no visible 
foot movement 
2, Slow: walking 
3, Moderate: jogging 
(non-purposeful slow 
running with low knee lift) 
4, Fast: running/sprinting 
(purposeful running with 
maximal effort, high knee 
lift) 
16.7%
8.3%
16.7%50.0%
8.3%
N
1, Stationary: no visible foot movement 
2, Slow: walking 
3, Moderate: jogging (non-purposeful slow 
running with low knee lift) 
4, Fast: running/sprinting (purposeful 
running with maximal effort, high knee lift) 
5, Inconclusive 
6, N/A
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Head and Neck Injury Case Review 
Below is a case review of the head and neck injuries reported by the athletic trainer and eligible 
for video abstraction. 
Case 1: 10U Concussion  
Position: Linebacker  
Play Type: Run  
Signs & Symptoms:  
Headache 
Tinnitus (ringing in ears) 
 
Description of Event: While tackling the ball carrier on a running 
play, the injured athlete lead with his head and engaged in 
helmet to helmet contact.  The injured athlete was moving at a 
moderate pace, while the opposing athlete was running 
purposefully through the action.  Contact occurred at a closing 
distance of less than 5 yards and the athlete appeared to have 
anticipated the contact.   
 
 
 
Case 2: 12U Concussion  
Position: Defensive End 
Play Type: Run  
Signs & Symptoms: 
Headache (4/10) 
Photophobia 
Noise sensitivity 
Neck pain, right side 
musculature 
 
Description of Event: While playing defensive end, the injured 
athlete was running toward the ball carrier and an offensive 
player appears to have forcefully pushed him to the ground.  It 
was determined from video review that both athletes were 
running purposefully toward the ball carrier and the injured 
athlete did not anticipate the block from the opposing athlete.  
There may have been slight helmet contact but likely not the 
cause of injury. 
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Case 3: 12U Concussion  
Position: Quarterback 
Play Type: Pass 
Signs & Symptoms:  
Headache 
Dizziness 
Left eye swelling/droop 
Momentary LOC 
 
Description of Event: While playing quarterback, the injured 
athlete appeared to be unexpectedly tackled as 
throwing/releasing the ball and his head came in contact with the 
ground.  The opposing athlete was moving at full speed and the 
closing distance of the tackle was greater than 5 yards. 
 
 
 
Case 4: JPW Concussion  
Position: Linebacker 
Play Type: Run 
Signs & Symptoms: 
Headache (6/10) 
Dizziness 
Photophobia 
Midline spine pain 
 
 
 
 
Description of Event: While playing linebacker, the injured 
athlete took a helmet to helmet hit from either side of his helmet 
from two athletes in a very short period of time (~<2 seconds) 
while attempting to take on/fight the blocker. All athletes were 
purposefully running at a fast pace and collided at less than 5 
yards apart.  The injured athlete appeared to anticipate the 
contact.   
 
EMS was activated. The athlete was held in in-line cervical 
stabilization until EMS arrived.  Follow up revealed that he his 
x-rays were negative for fracture and athlete and family were 
told he had soft tissue bruising. 
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Case 5: 12U Concussion  
Position: Cornerback 
Play Type: Pass 
Signs & Symptoms:  
Pain at area of impact 
Headache 
Momentary dizziness 
 
Description of Event: As the injured athlete was attempting to 
tackle the receiver (who was airborne attempting to catch the 
ball), he was landed on by the surrounding athletes. Both athletes 
were purposefully running toward the ball from greater than 5 
yards apart.  The injured athlete’s head contacted the opposing 
players torso before contacting the ground.   
 
 
 
Case 6: JM Concussion  
Position: Offense, 
blocking/tackling kicking 
team 
Play Type: Special Teams 
Signs & Symptoms: 
Headache 
Dizziness 
Memory loss 
Emotional instability (crying) 
 
 
 
Description of Event: The injured athlete was attempting to 
block a punt, collided with another player and hit his head on the 
ground. All athletes involved in the contact were moving 
purposefully toward the ball.  It was determined that he appeared 
unprepared of the impending contact with the ground.   
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Case 7: JM Neck Injury  
Position: Safety @ LB depth 
Play Type: Run 
Signs & Symptoms:  
Headache 
Dizziness 
Pain with palpation of 
cervical spine 
 
 
Description of Event: The injured player was hit in the head 
from 2 different players and landed face down while attempting 
to tackle the ball carrier. The injured athlete was stationary 
during the tackle and the ball carrier was purposefully running 
(<=5 yards).  The athlete appeared to have anticipated the 
contact.  During the event, there was helmet to helmet and 
helmet to body (torso) contact.  Upon falling to the ground, the 
athlete’s left shoulder impacted the turf causing his head to rotate 
laterally toward the ground.  This was determined to be the 
primary mechanism of the injurious event.  It is unknown if his 
helmet contacted the ground.  The play ended as the ball carrier 
and other players involved in the tackle fell to the ground over 
the injured athlete. 
 
EMS was activated.  The athlete remained prone until EMS 
arrived. He was spine boarded and taken to the local children’s 
hospital. 
 
 
 
Discussion 
 Injuries evaluated and reported by a certified athletic trainer during youth football 
practices and competitions were evaluated in this study.  Injury counts and competition injury 
rates were evaluated by injury type, level of play and time of season.  Video abstraction was 
completed for 12 injurious events to determine common impact scenarios and mechanism of 
injury and further case review was conduction for head and neck injuries.  With 34 injuries 
recorded over the course of the season, the sample size is small; however, important trends were 
observed that encourage further investigation.   
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 When considering all levels of play, concussions were the most frequent injury, 
comprising 46% of competition injuries, and were most common at the older levels of play (10U, 
JPW, 12U).  In a larger study of youth football injuries collected from 210 teams, concussions 
were the third most common injury and comprised 9.6% of the cases ( Kerr et al., 2015).  The 
small sample size in the present study may lead to random error and lack of representativeness.  
The sample presented in the current study may not represent the true incidence of concussion in 
youth football or within this league; however, it does motivate further injury surveillance of the 
entire league to determine true injury rates and possible causes of the increased incidence of 
concussion, if the trend holds.  Contusions were the second most common injury and were only 
reported at the youngest levels of play (TM and MM).  This may be due to younger athletes 
being more inclined to report bruising to the athletic trainer; however reporting rates have not 
been investigated at the youth level.   
 Time of season was evaluated with respect to injury counts and injury rates.  Injuries 
were slightly more frequent during weeks 2 and 3 of the season, which encompasses a preseason 
scrimmage and the first games of the regular season.  In this league, preseason scrimmages, often 
occur within the first two weeks of the season and are a game-style competition that is played 
prior to the start of regular season between two different organizations at the same level of play.  
Scrimmages are often shorter and less structured than an in-season game and coaches are 
allowed to instruct athletes on the field (e.g., a coach may be standing directly behind the line of 
scrimmage).  Several studies evaluating the rate of injury based on in-season time frames at the 
collegiate level have reported an increase in overall injury risk during preseason when compared 
to regular and post-season (Agel & Schisel, 2013; Gabbett & Domrow, 2007; Gunnoe, 
Horodyski, Tennant, & Murphey, 2001); however, Kay et al reported a higher injury rate of 
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severe injuries during regular season among collegiate athletes (Kay et al., 2017).  Although the 
training regimen at the collegiate and youth level during preseason is not comparable and the 
sample size of the present study is small, this provides motivation to further study events 
associated with preseason injuries and the role of preseason conditioning and developing proper 
blocking and tackling skills prior to engaging in game-style contact.   
 Of the 12 injuries evaluated through video abstraction, tackling was the most common 
injurious scenario, followed by being blocked; however, tackling only comprised 5 cases.  Prior 
studies at the youth and high school levels have reported that the most common mechanism of 
injury in football is player to player contact, where the injured player is being tackled (Lynall et 
al., 2017; Tirabassi et al., 2016).  In the present study, only one case resulted in the athlete being 
tackled.  Additionally, helmet to body (n=4), helmet to helmet (n=2), and aggressive/unnecessary 
contact (n=1) were injury mechanisms observed in the video abstraction process and at least one 
of the athletes was engaged in purposeful running.  Further video analysis of tackling and 
blocking scenarios may help inform coaches if proper technique is being used by the athletes 
during competitions and what corrective measures are needed to correct high risk behaviors.   
 A case review was conducted for all head and neck injuries, which comprised 6 
concussions and 1 neck injury.  All of the injuries evaluated in the case review occurred in 
competitions, 4 of which occurred during running plays, 2 occurred during passing plays, and 1 
occurred during a field goal attempt.  Contact to the head/face occurred during the initial contact 
in 5 of the 7 cases.  In both of the cases that did not involve head/face contact during initial 
contact, the athlete was airborne before their helmet contacted the ground.  In 6 of the cases, the 
injured athlete ultimately came in contact with the ground, resulting in either helmet to ground 
contact or shoulder to ground contact.  In each scenario, the opposing athlete(s) were running 
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purposefully or sprinting, whereas in 4 cases, the injured athlete was also purposefully running; 2 
cases, the athlete was stationary prior to contact; and 1 case, where the athlete was moving at a 
moderate place or jogging.  Of the cases in which player anticipation of impending contact was 
able to be estimated (n=6), 3 appeared to anticipate contact and 3 appeared unprepared.  Lastly, 
all but one case involved blocking or tackling scenario and 4 of the 6 cases reviewed resulted in 
closing distances less than 5 yards apart.   
 This study highlights the importance of having a professional trained in the identification 
and assessment of injuries in youth football, such as an athletic trainer, or improved training in 
the identification of injuries for on-field staff; however, it also highlights the challenges of doing 
so in this population.  Youth football leagues are often community-run organizations with limited 
resources and coaching support from parent volunteers. Historically, youth sports programs have 
not had on-field medical care, but rather have relied on coaches and parents with minimal sports 
medicine training to make decisions related to injuries and return to play. Often a coach or parent 
volunteer is provided basic safety training such as the CDC Heads Up Football Training; 
however, this training does not prepare the coach or volunteer to adequately evaluate injuries or 
respond to an emergency, and youth organizations often lack the resources to respond 
accordingly.  While we have had experience implementing an AT in youth football for several 
years, we still struggle with the receptiveness of some coaches, parents, and athletes to receiving 
care on both the home and opposing teams (Urban et al., 2017).  We have found that 
receptiveness improves year to year and throughout the season through improved communication 
and gained trust. Managing return to play protocols and acknowledging medical authority within 
the youth football league is also a challenge that is faced in this population, but support from 
42 
 
league authorities and clear communication of league-wide expectations improved this 
challenge.   
Injury management and reporting is often the responsibility of the parents and coaches in 
the youth football organization.  There were existing reporting structures and guidelines for 
reporting injuries within the league participating in this study; however, we found that the 
motivation was for insurance purposes and there was minimal oversight for adherence.  For the 
surveillance conducted in this study, we relied heavily on the AT to take detailed notes on field, 
including the precise time and description of the injurious event, and report the injury event in a 
timely manner.  There was no existing injury reporting structure for the AT to log injuries prior 
to this effort; therefore, all reporting guidelines, tools, and quality control measures needed to be 
established prior to the season.  This required some training and routine building; however, the 
motivation and accountability of those involved with the study improved the timeliness and 
quality of reporting throughout the season.  This model will be implemented and improved in 
future seasons.  Finally, although the case count was small in the present study, this highlights a 
need for improved training, resources, and guidelines for on-field care and injury surveillance in 
youth sports.   
Lessons Learned and Future Work 
 When this study first began, the study was limited to prospectively recruiting athletes in a 
single organization.  It was soon determined that the case count could not be sufficient if we 
continued on this route, so the IRB was revised to evaluate all injuries reported by the athletic 
trainer in a de-identified manner, which greatly increased the case count.  This pilot study did, 
however, create a framework and methodology that may be expanded upon in future seasons for 
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improved surveillance of injuries within this local youth football league.  In future efforts, the 
following will be considered:  
 A league-wide film release form to be signed in the registration packet of all athletes 
acknowledging that they may be filmed and the film may be evaluated for research 
purpose. 
 Expanded framework on a league-wide basis, requiring the player safety coach or an 
independent observer to record all injuries that occur during practices and games.  
Future research ideas: 
 Complete video abstraction of tackling scenarios via video recorded data to evaluate 
proper tackling technique in injurious and non-injurious scenarios.   
 Partner with local Area Health Education Centers (AHEC) and North Carolina Athletic 
Trainers Association (NCATA) to develop and deliver training materials to lay members 
of the football organizations to receive in on-field injury management and on-field care.   
Recommendations: 
 Local youth football organizations should engage local health professionals for the 
development of an emergency action plan. 
 If an athletic trainer is not available or feasible, youth football organizations should 
identify parent and coach volunteers to receive training in injury identification, 
assessment, and management and have at least one trained individual present for all youth 
football games. 
 Youth coaches should evaluate game film early in season to identify poor tackling and 
blocking technique.   
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Appendix A.  All Cases 
Count Date Level of Play Team Injury Session Type 
Video 
Abstraction 
Completed? 
1 8/1/2017 12U Home team Knee Strain Practice Yes 
2 8/3/2017 12U Home team Ankle Sprain Practice Yes 
3 8/4/2017 12U Home team Ankle Sprain Practice Not visible 
4 8/7/2017 MM Home team Concussion Practice NA 
5 8/8/2017 JPW Home team Thumb Strain Practice No 
6 8/12/2017 TM Opposing team Concussion Scrimmage NA 
7 8/12/2017 MM Opposing team Hand contusion Scrimmage NA 
8 8/12/2017 10U Opposing team Concussion Scrimmage Yes 
9 8/12/2017 12U Opposing team Concussion Scrimmage 
Unable to find in 
video 
10 8/14/2017 12U Home team Knee Strain Practice No 
11 8/19/2017 MM Home team Hand contusion Game NA 
12 8/19/2017 MM Home team Throat contusion Game NA 
13 8/19/2017 TM Opposing team Concussion Game NA 
14 8/19/2017 MM Opposing team Wind knocked out Game NA 
15 8/19/2017 12U Opposing team Concussion Game Yes 
16 8/19/2017 12U Opposing team Lower leg fx Game Yes 
17 8/26/2017 10U Home team Concussion Game No 
18 8/26/2017 10U Opposing team Concussion Game Yes 
19 9/2/2017 MM Home team Concussion Game NA 
20 9/9/2017 JPW Opposing team Concussion Game Yes 
21 9/14/2017 TM Home team 
Pain on head at site 
of impact, no 
concussion 
Practice NA 
22 9/16/2017 MM Home team Arm contusion Game NA 
23 9/16/2017 MM Opposing team Hand Fx Game NA 
24 9/16/2017 JPW Opposing team Knee Strain Game Yes 
25 9/30/2017 MM Home team Trunk contusion Game NA 
26 10/7/2017 TM Opposing team Shoulder contusion Game NA 
27 10/7/2017 12U Opposing team Concussion Game Yes 
28 10/11/2017 JM Home team Concussion Game Yes 
29 10/11/2017 JM Home team Neck Strain Game Yes 
30 10/21/2017 JPW Home team Illness vomit Game Exclude 
31 10/21/2017 JPW Home team Concussion Game 
Unable to find in 
video 
32 10/22/2017 12U Home team 
Illness/Concussion 
symptoms but 
headache reported 
before game 
Game Exclude 
33 10/24/2014 12U Home team Knee Strain Practice Not visible 
34 10/28/2017 10U Home team Sprained Hand Game Yes 
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Appendix B.  Count of injuries evaluated by the athletic trainer by week for all 
levels of play and relevant events associated with each week. 
Week Count On bye Relevant Information 
1 (8/1/17-8/6/17) 3  No games 
2 (8/7/17-8/13/17) 6  First scrimmage 
3 (8/14/17-8/20/17) 7  First regular season games 
4 (8/21/17-8/27/17) 2 12U, JM  
5 (8/28/17-9/3/17) 1   
6 (9/4/17-9/10/17) 1   
7 (9/11/17-9/17/17) 4   
8 (9/18/17-9/24/17) 0 JPW, TM  
9 (9/25/17-10/1/17) 1   
10 (10/2/17-10/8/17) 2  Last regular season game 
11 (10/9/17-10/15/17) 2 10U, JPW, 12U midweek JM scrimmage, last TM game 
12 (10/16/17-10/22/17) 4 JM 1
st
 round of playoffs, last MM games 
13 (10/23/17-10/29/17) 1  City Championships 
14 (10/30/17-11/5/17) 0 JM  
JPW consolation game; 10U, 12U 1
st
 
round of states 
15 (11/6/17-11/12/17) 0 JM  Only 12U played 
Total 34   
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Appendix C. Injury Inquiry Form 
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Appendix D. Video Abstraction From 
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CHAPTER 3 – REFLECTION ON LEADERSHIP TRAINING  
Conducting injury surveillance within a youth football league required several 
fundamental practices of public health leadership, including stakeholder engagement, clear 
communication, as well as adaptive leadership skills.  First, to create successful and sustainable 
partnerships throughout the season, it was essential to identify and engage stakeholders among 
the youth football league, including executive board members, coaches, parents, athletes and 
athletic trainers.   
During the summer prior to the football season, the primary athletic trainer and I attended 
meetings with league executive board members and coaches to introduce the project and the role 
of the athletic trainer on-field and to engage in discussion surrounding the league’s needs and 
concerns as it pertained to the management of injuries and expectations of stakeholders (the 
athletic trainer, executive board members, and coaches).  This was a critical step in building 
relationships, gaining trust, and facilitating open communication prior to the start of the season.  
I have personally worked with the youth football league that participated in this study for over 5 
years and leveraged the success of my existing relationships as well as continued support, 
goodwill, and expressed interest from the league.  Going into the season, we spoke with several 
parents and athletes participating in the youth football league to describe the study and 
understand their concerns related to injuries. 
Throughout the season, coaches varied in their level of support for having the athletic 
trainer present to identify, assess, and record all injuries that occurred on field.  Prior to the start 
of the season, we collectively decided with the executive board members that the athletic trainer 
would be the utmost authority in all decisions regarding return to play.  We collectively 
leveraged the authority of the board members to communicate all expectations for injury 
management to the coaches and parents.  The board members also served as the primary point of 
53 
 
contact and mediator when conflict arose.  The athletic trainers also made an effort to create 
interpersonal relationships week to week with coaches and parents throughout the league and 
offered suggestions to manage and prevent injuries, when appropriate.   
When I originally started this project, I planned to prospectively recruit athletes in a 
single youth football organization.  Under the guidance of my practicum preceptor and advisor, it 
was determined that the case count would not be sufficient and adapted the IRB to include the 
evaluation of all injuries reported by the athletic trainer in a de-identified manner.  This required 
clear communication of the change in protocol to the athletic trainers and redefining of 
expectations as they would be reporting injuries more frequently and it was critically important 
for the athletic trainers to provide sufficient detail about the injurious event without revealing the 
identity of the subject.  Through this, we maintained open communication and worked 
collaboratively to streamline the reporting and quality control of the surveillance system. 
My training in public health leadership has provided me the skills to work collaboratively 
with community, academic, and clinical partners in research and to lead myself and others to 
achieve our stated goals.  It has also taught me how to lead and manage change as well as how to 
leverage my strengths and the strengths of others through all aspects of my work in public health.  
While my research is specifically focused on the prevention of sports injuries, I am confident that 
the skillset I have gained through this training will prepare me to be a leader of public health 
within this context and beyond.   
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